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Poor reduction of HIV-1 RNA titres in nucleoside
reverse transcriptase inhibitor experienced
patients treated with indinavir combination
therapy

J K Ball, T Rowe, R Curran, W L Irving, G M Beards, G Sontag, M Youle, G Moyle,
D Pillay

Objectives: The long term eVectiveness of combination therapy at reducing viral loads in semi-
nal fluid and blood plasma obtained from HIV-1 infected men who had undergone previous
antiretroviral therapy was assessed.
Methods: Samples of semen and blood were obtained from a cohort of 12 nucleoside reverse
transcriptase inhibitor experienced men before and during 25–68 weeks of combination therapy,
which included the protease inhibitor indinavir. HIV-1 RNA titres present in the cell free blood
and seminal plasma samples were determined using the nucleic acid sequence based amplifica-
tion (NASBA)/Nuclisens assay system.
Results: Viral RNA was detected in 9/12 and 7/12 baseline blood plasma and seminal plasma
samples, with median viral titres of 104.81 and 104.56 per ml, respectively. By the end of the study
period the detection rates of HIV RNA in the blood and seminal plasma samples were 5/12 and
2/12, respectively, with the median viral titres below the assay cut oV level for both sample types.
Of the nine patients who had detectable viral RNA in the baseline sample, only three cleared virus
from both compartments by the end of the study.
Conclusions: These data show that stable reduction of blood and seminal fluid viral titres is not
achievable in a significant proportion of nucleoside reverse transcriptase inhibitor experienced men.
(Sex Transm Inf 1999;75:337–339)
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Introduction
Globally, sexual transmission accounts for the
vast majority of new infections of human
immunodeficiency virus type 1 (HIV-1). Un-
fortunately, correlates of transmission of HIV-1
are still poorly understood, but a variety of fac-
tors such as the composition and size of the
virus reservoir in contaminating body fluids are
thought to be important.1 2

Antiretroviral drug combinations, which
include recently developed protease inhibitors,
are highly eVective at reducing viral loads
within blood plasma. However, there is increas-
ing evidence that in some individuals distinct
populations of HIV can exist in semen
compared with blood.1 3 Therefore, if antiretro-
viral therapy is to have the additional benefit of
reducing the risk of sexual transmission by
lowering genital tract viral titres, it must dem-
onstrate a potent eVect against these distinct
viral populations. It is also essential that antivi-
ral therapy is eVective against all reservoirs of
replicating HIV-1, as drug resistant viruses will
evolve during continued replication within
sanctuary sites.

Previous studies have shown that potent
reduction of genital tract HIV titres frequently
occurs following initiation of antiretroviral
therapy, particularly combination therapy.4 5

However, the eYcacy of combination therapy
at reducing genital tract HIV, particularly long
term, in nucleoside reverse transcriptase in-
hibitor (NRTI) experienced individuals is not

clear. To address this, we have studied the long
term (up to 68 weeks) eVect of commencing an
indinavir containing combination regimen, in
NRTI experienced individuals, on seminal
fluid and blood plasma viral RNA titres using
the sensitive and internally controlled nucleic
acid sequence based amplification (NASBA)/
Nuclisens assay system.

Methods
SAMPLES

Sequential paired samples of peripheral blood
and semen were obtained from HIV-1 infected
men before and during combination therapy
including indinavir. All the patients had
received at least two diVerent NRTIs, either
sequentially or in combination, before the
study. Samples were collected on the therapy
initiation date (baseline) and at various time
intervals thereafter, for up to 68 weeks. Cell
free plasma was obtained by centrifugation at
1300 g and plasma samples were stored at
−70°C before HIV-1 RNA quantification. All
samples were processed within 4 hours of col-
lection.

DETERMINATION OF BLOOD CD4 CELL COUNTS

AND SEMINAL FLUID AND BLOOD PLASMA VIRAL

RNA TITRES

Blood CD4 cell counts were determined as
part of routine patient management. Quantifi-
cation of viral RNA titres in 50 µl samples of
seminal fluid and blood plasma was carried out
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using the commercially available NASBA/
Nuclisens assay system.6 This volume was
found to be the optimal amount of seminal
fluid to give maximum sensitivity when using
the 900 µl lysis volume. Higher inputs of semi-
nal fluid were often associated with either assay
failure or unacceptable Qc calibrator values
(results not shown). The assay was carried out
according to the manufacturer’s instructions
and the assay cut oV was equivalent to 800
(102.90) copies per ml of blood or seminal
plasma.

STATISTICAL ANALYSES

All statistical analyses were carried out using
non-parametric tests available in the Cstat or
Prism for Windows software packages (Cher-
well Scientific, Oxford). The Wilcoxon’s rank
sum test, Spearman’s rank correlation coef-
ficient test, Mann–Whitney U test, and Fisher’s
exact test were used where appropriate. Viral
titres below the assay cut oV were assigned
values of 799 copies per ml.

Results
Of the 12 patients who provided baseline
paired semen and blood samples HIV-1 RNA
was detectable in 9/12 (75%) and 7/12 (58%)
pretreatment blood plasma and seminal plasma
samples, respectively. The detection rates
within the two compartments were not signifi-
cantly diVerent (Fisher’s exact test). By the end
of the trial detection rates had decreased to
5/12 (42%) and 2/12 (17%) in blood and
semen samples, respectively. The reduction in
detection frequency of HIV-1 RNA in seminal
plasma was greater than blood plasma, but nei-
ther was significant (Fisher’s exact test,
p=0.0894 and 0.2138, respectively).

The eVect of treatment upon absolute HIV-1
RNA titres and blood CD4 cell counts is
presented in Figure 1. The median RNA titres
in blood plasma and seminal fluid before indi-
navir combination therapy were 104.81 (range
<102.90–105.99) and 104.56 (<102.90–105.68) copies
per ml, respectively, while median blood CD4
cell counts were 11 (0–288) cells ×106/l of
blood. Viral RNA titres were significantly lower
in semen compared with the corresponding
blood plasma samples (p = 0.0105, Wilcoxon’s
signed rank test). By the end of the trial the
median HIV RNA titres in blood and semen
were <102.90 (<102.90–106.30 and <102.90–104.08,
respectively), while the median blood CD4 cell
count had increased to 128 ( 6–554) cells
×106/l of blood (Fig 1). The diVerences
between the pre- and post-treatment median
blood CD4 cell counts and seminal plasma
HIV RNA titres were both statistically signifi-
cant (Mann–Whitney U test p values of 0.0012
and 0.0156, respectively). By contrast, the dif-
ference in median values for the pre- and post-
treatment blood plasma samples was not
significant (p = 0.1347).

Discussion
Although the sexual transmission of HIV-1
might be influenced by a number of host and
viral factors, epidemiological evidence2 and
inference from studies of sexual transmission of

the simian immunodeficiency virus7 suggest
that the inoculum viral titre is an important
determinant of transmission eYcacy. There-
fore, the potential benefit of reducing genital
tract viral loads, and consequently diminishing
transmission risk, via antiretroviral therapy, is
immense. In two previous studies4 5 the viral
loads in seminal fluid and blood from the
majority of patients were reduced to below the
baseline within a few weeks of initiation of
therapy and this reduction was maintained
during the study periods of 15–25 weeks. Our
study involved follow up of patients for up to 68
weeks of treatment, and six of the 12 patients
had evidence of viral persistence or resurgence
by the end of the study period. Analysis of lon-
gitudinal samples (not shown) demonstrated
that in one patient virus resurgence was
detected in the seminal fluid tract before the
blood plasma. In this patient viral break-
through may have arisen because of the
production of resistant viruses within the geni-
tal tract with subsequent dissemination to the
peripheral circulation. We are unable to ascer-
tain definitively whether apparent failure of

Figure 1 Distribution of blood (A) and seminal plasma
(B) HIV-1 RNA titres and blood CD4 cell counts (C) in
12 nucleoside inhibitor experienced men before (baseline)
and following (end) indinavir combination therapy. Data
are median and interquartile range; bars represent the
maximum and minimum values. Broken line, lower limit of
detection at 800 copies/ml. (Values less than the assay cut
oV were assigned values of 799 copies/ml.)
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indinavir to reduce and maintain HIV RNA
below the detectable level was associated with
the presence of drug resistant viruses, reduced
drug uptake within the genital tract, or through
patient non-compliance, although results of
patient questioning did not support the latter
reason. Administration of zidovudine has been
shown to produce equivalent reductions of
blood and seminal fluid HIV-1 RNA titres,5

and this would be consistent with the finding
that inhibitory concentrations of zidovudine
are achieved within semen following oral
delivery.8 We have recently shown that seminal
plasma concentrations of the protease inhibi-
tors saquinavir and ritonavir are less than 5% of
the corresponding blood plasma concentration
and are variably above the in vitro IC90,

9

although similar data for indinavir are not
available. This disparity may encourage the
diVerential emergence of protease inhibitor
resistant virus. Future sequence analysis of the
populations present in each sample should
clarify this. Outgrowth of protease inhibitor
resistant viruses in NRTI experienced indi-
viduals has been reported previously.3

Our study concentrated on the eVects of
treatment upon viral RNA loads. However, the
potential role of cell associated virus in sexual
transmission cannot be overlooked.7 Signifi-
cant levels of cell associated HIV-1 provirus are
detectable in seminal fluid samples10 and, more
importantly, there is some evidence to show
that semen from HIV RNA negative individu-
als who have undergone potent combination
therapy can still harbour detectable proviral
DNA.11 12 Therefore, determination of both
viral RNA and proviral DNA titres should be
included in future studies aimed at determin-
ing the eVects of antiretroviral therapy within
the genital tract.

In conclusion this study shows that elimina-
tion of blood and genital tract HIV RNA, using
combination therapy in individuals who have
previously received extensive antiretroviral
therapy, is frequently unachievable and, there-
fore, these individuals could represent a serious

transmission source of drug resistant viruses. It
is important to underline the potential risk of
sexual transmission of HIV despite undetect-
able viral load results.
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